Phloem tissue isolated from celery (Apium graycolkns L.) was used to investigate the regulation of sucrose uptake by turgor (manipulated by 50400 milliosomolal solutions of polyethylene glycol) and hormones indoleacetic acid (LAA) and gibberillic acid (GA3). Sucrose uptake was enhanced under low cellular turgor (increase in the V..). Furthermore, enhancement of sucrose uptake was due to a net increase in influx rates since sucrose efflux was not affected by cell turgor. Manipulations of cell turgor had no effect on 3-0methyl glucose uptake. When 20 millimolar buffer was present in uptake solutions, low turgor-induced effects were observed only at low pH range (4.5-5.5). However, the effect was extended to higher external pH (up to 7.5) when buffer was omitted from uptake solutions. A novel interaction between cellular turgor and hormone treatments was observed, in that GA3 (10 micromolar) and UIA (0.1-100 micromolar) enhanced sucrose uptake only at moderate turgor levels. The hormones elicited little or no response on sucrose uptake under conditions of low or high cell turgor. Low cell turgor, IAA, GA3, and fusicoccin caused acidification by isolated phloem segments in a bufferfree solution. It is suggested that enhanced sucrose uptake in response to low turgor and/or hormones was mediated through the plasmalemma HATPase and most likely occurred at the site of loading.
Translocation of assimilates including sucrose in the phloem is hypothesized to be driven by a concentration-generated pressure gradient between the site of loading and site of unloading (8, 9) . Phloem loading rates have been shown to be responsive to water status of leaf tissue and especially to turgor levels in the SE/CC2 (15) . Using Phaseolus coccineus leaf discs, Daie and Wyse (7) presented evidence on the mechanism by which membrane transport of sucrose may respond to low cellular turgor. They showed that the carrier-mediated sucrose uptake (but not that of glucose uptake) was enhanced under low cellular turgor conditions. Because the response was limited to a phloem specific sugar, i.e. sucrose, they suggested that the observation may have occurred at the site of loading in a manner consistent with the osmoregulatory phenomenon reported by Smith and Milburn (15) . Wyse et al. (16) reported that under high cellular turgor sucrose transport in sugar beet roots was inhibited as a result of a high turgor-induced inhibition of the H+-ATPase. ' Phloem loading rates are also believed to be hormonally regulated. However, this assumption is based on evidence from complex tissues (6, 11) . Recently, Daie (2-4) developed and described a system consisting of a phloem tissue isolated from celery allowing a more direct examination of the regulation of sucrose loading. Using this relatively simple model system, Daie et al. (5) presented evidence indicating that GA3 and IAA had a direct effect on sucrose loading rates not only in isolated phloem segments but in intact celery plants.
Turgor and hormones (1) was grown from seed in a greenhouse in 10 L pots filled with a 3:1 (v/v) peat:perlite mix. The day length was extended to 14 h using high pressure sodium lamps (PL Light Systems, Ontario, Canada). Photon flux density at the canopy level was approximately 600 Mmol m-2s-'. The temperature in the glasshouse was set at 25/18°C day/night. Plants were fertilized with a 20-20-20 (N-P-K) Peters mix and Peters micronutrients once a week and were harvested when they were 4 to 6 months old. Celery has high calcium requirements; therefore, in addition to the regular fertilization schedule, plants were watered daily with a 0.25 M Ca(NO3)2 solution.
Tissue Preparation. Tissue preparation was as described by Daie (2) . Briefly, petioles of mature but photosynthetically active leaves were harvested 2-3 h prior to any experiments. Isolated phloem strands were preincubated for 1 h in an aerated base medium adjusted to the appropriate osmolality with polyethylene glycol (PEG, 3350 purchased from Sigma Chemical Co.). In addition to the osmoticum, the base medium contained 1 mM CaCl2, 2 mm KCI, 5 (Fig. 5) . At low turgor sucrose uptake was higher than that at high turgor only at low external pH range (4.5-5.5). No turgor effect was observed at high (6.5-8.5) pH. Since at low pH range excess protons were available, the inhibition of sucrose uptake at high turgor appeared to result from factor(s) other than H' availability, e.g. decrease in the PMF (10, 16) . Furthermore, conformational changes (17) in the carrier may have made the H' binding site inaccessible to its substrate. When identical experiments were conducted in unbuffered solutions (pH adjusted with HCI or NaOH), at low turgor enhancement of sucrose uptake was extended to higher pH (Fig. 6) indicating that low turgor partially compensated for suboptimal external pH. The data in Figure 5 clearly indicated that protonation of the carrier was a prerequisite for the turgor effect. Indeed, in buffer-free solutions (low buffering capacity), it appeared that at low turgor, the system may have been able to partially provide the required protons for carrier protonation. Collectively, data in Figures 5  and 6 suggest that turgor-induced and ATPase-mediated transport of sucrose depends on both the transmembrane pH gradient and the PMF. The observed turgor and pH interactions and responses were specific for phloem sugars, because 3-OMG uptake was not affected by pH or turgor manipulations (Table I) .
Media Acidification. To more directly determine the effect of turgor on H+-ATPase activity, acidification of external media by the tissue was determined. Cellular turgor had a significant effect on the ability of isolated phloem to acidify the external medium. During a 4 h incubation, a decrease of 0.3 pH unit (0.3 ,umol H' equivalents) occurred in solutions containing 300 as compared to those with 50 mOsm PEG (Table II) , pointing to a turgorregulated ATPase activity (10, 14, 16) .
Hormone Effects. IAA, GA, and FC are presumed to enhance sucrose uptake through their enhancement of the H+-ATPase (11 and references therein). However, such effects would have been masked in our studies because excess protons were available in the uptake media (20 mm Mes, pH 5.5). To examine this possibility, experiments were conducted in buffer-free media (pH adjusted to 7.00 with NaOH) containing 300 mOsm PEG. Under these conditions, 2 yM FC caused 30 to 50% enhancement of both sucrose and mannitol uptakes (Table Ill) . However, GA and IAA effects were insignificant and variable.
In another set of experiments, the osmotic concentration of the buffer-free solutions was varied. At high and low turgor GA and IAA caused a 0 to 25% enhancement of sucrose uptake (Fig.  7) . However, at an intermediate turgor (200 mOsm) both GA3 and IAA caused a doubling of sucrose uptake rates. IAA was effective at a wide concentration range (0.1-100 AM) but GA3 o exhibited a clear optimal concentration at 10 OUM. FC effect (Table   III) appeared to be less specific and did not depend on cell turgor.
Kinetic analysis of IAA and GA3 effect on sucrose uptake (Lineweaver-Burk plot) indicated that only the V. of sucrose transport was changed (Fig. 8) . Increase only in Vma. is most likely the result of enhanced ATPase activity, a plausible explanation for the hormone role in sugar uptake and especially the 0 observed interaction of hormone and turgor-regulated sugar°t ransport. Similar results were obtained for mannitol (data not shown). cn To examine the hormone effect on the H+-ATPase activity, (Table IV) . The data indicated a three-way interaction between proton availability (solution pH), cell turgor, and hormone levels. In addition to data presented here, it has been suggested that the two latter factors modulate the activity of the H+-ATPase (9, 1 1, 14, 16) . Therefore, it is concluded that the observed interaction between cell turgor and hormone treatment was the result of conditions which lead to maximum H+-ATPase activity and hence sucrose transport. The conclusion gains more credence because sucrose uptake in this tissue was shown to be a H+-cotransport (2) . Furthermore, the assumption provides an explanation for results in Figure 7 ; under high turgor the H+ pump is inhibited, so that hormone effects are minimal. At low turgor the H+ pump is already at its maximal activity so that hormones may not elicit any further response. Under moderate turgor levels the pump is neither severely inhibited nor maximally activated; therefore, the hormones may synergistically maximize its activity.
Although the H+-ATPase-mediated interaction of hormones and turgor appears to be a plausible explanation, the observed responses may be more complex because at higher turgor, sucrose uptake was inhibited even in buffered (excess proton) solutions. Therefore, it is likely that while hormones and low turgor have a direct effect on the H'-ATPase activity, turgor changes may induce conformational changes in the carrier protein itself (17 
